the O-61 strain (black) of mice is more sensitive to PTC than the NA-II strain (white).
In order to elucidate the difference in taste sensitivity in various strains or species, the authors made an investigation of several strains of mice. Metabolic patterns in rats or mice differ according to strain (5) . If taste sensitivity also differs according to strain, as previously suggested, a relationship between the metabolic pattern and the sense of taste might be assumed. It is known, on the other hand, that the metabolic patterns or activities of body organs are significantlv different in hunger and satiety (6) . A great deal of data have accumulated concerning the relationship between the sense of taste and the physiological state of animals and human beings. For instance, Young and Falk (7) reported on the difference in acceptability of tap water and distilled water between thirsty and nonthirsty rats, thereby providing the reasonable assumption that the functions of various body organs have some bearing on the sense of taste. In this connection, we have studied the role of some physiologically important organs in taste. As mentioned above, animals with black fur are reported to be more sensitive in taste than those with white fur. Melanin is one of the most important factors which determine the color of fur, and the process of its formation has been discussed by many investigators. Although the mechanism is not known precisely, it is assumed that tyrosinase and the related copper enzymes convert tyrosine into melanin (8) Taste threshold for NaCl for C3H strain.
portant role of the sulfhydryl groups in the bleaching and synthesis of rhodopsin.
It was stated by and by Bruckhardt (I 5) that sulfhydryl groups would participate in the olfactory and gustatory sensations of rabbits. In the course of studies on the relationship between chemical structure and irritation in marine fishes, Hiatt et al. (16) found that thiol inhibitors exerted the most irritating effect. They set up the hypothesis that "the violent irritant response mediated through the common chemical sense of fish is stimulated by inhibition of sulfhydryl groups of one or more enzymes associated with the sensory acceptor."
In addition to these reports, it has been established that PTC, a widely used bitter taste substance, is the specific and potent inhibitor of tyrosinase (8) . Moreover, several lines of evidence indicate that mammalian pigment-forming cells originate in the neural crest (I 7). Thus, the relation of tyrosine metabolism and the color of fur to the sense of taste should be taken into consideration.
In the tivity of present various studies we investigated the taste sensimouse strains in relation to fur color, and the role in the taste response of various organs, particularly those important in tyrosi .ne metabo the supra .renal body, thyroid gland, and liver. lism, i.e.,
METHODS

Animals
The following strains of mice were used: NA-II, white; SM, w;hite; aa, white; C3H, black; C57, black; and O-6 I, black. All were born and raised in the laboratory and served as subjects when they were days old and weighed 20 g. Compressed diet (Oriental Yeast Co. Ltd., Tokyo, Japan, type NM) and water were available at all times. Six mice, three males and three females, were used in each experiment.
Taste Thresholds
Richter's preference technique (18) PTC were used as test solutions. Each mouse was placed in a cylindrical vessel and had access to two bottles, one filled with distilled water and the other with a test solution. The intake from each bottle was measured 24 hr later. The positions of the two bottles were then interchanged to control for side preferences, and another 24-hr intake was measured.
The concentration of the taste solution then was increased in steps, and the intake was measured in the same manner for each concentration. The threshold for each test substance was determined as the least concentration of the test solution necessary to elicit significant differences between the average 24-hr intake of the test solution and of the distilled water. Fig. I shows an example of the method of determining thresholds.
The thin solid line shows the average intake of the distilled water (Ml), the thin dotted lines the values for Ml =t 3 c, the thick solid line the average in-' take of the NaCl solution (Mz), and the thick dotted lines the values for M2 & 3 0. The threshold for NaCl was determined as 3 %, since no overlapping of the MI & 3 G and Mz & 3~ zones occurred over this concentration. In Fig. 2 , which shows the results of the experiment with PTC, the M3 zt 3 g zone (MS is the average intake of water) and the M* zt 3 B (Ma is the average intake of PTC solution)
do not overlap in the concentrations around 0.01 %, but do overlap again in the concentrations of 0.013-0.038 %, and finally are separated at 0.038 % and over. In this case, the threshold was determined as 0.038 %, though the mice may have distinguished the PTC solution from the distilled water in the concentrations around 0.01 %. There is a risk that the threshold determined in Fig. 2 may be essentially different from that in Fig. I . This point needs further investigation.
Methods of Producing Hypofunction of Various Organs
Suprarenal body. The mice were intraperitoneally injected with o. I ml IO % urethan, incised at the back, and the suprarenal bodies were cauterized with a red-hot nichrome wire. The removal of this organ after operation was confirmed histologically.
As a control, a group of Splenectomy was used in the present study to cause a gradual hypofunction of the liver. The measurement of the taste thresholds was made 2 months after the operation.
A group of mice which was simply incised at the abdomen without splenectomy was used as a control. To cause an acute hypofunction of the liver, CC14 (3.5 mg/Io g body wt., dissolved in 0.5 ml sesame oil) was injected intramuscularly twice during the experimental period (21, 22). As a control mice injected with sesam .e oil onlv were used.
group, the Estimation of Adrenaline in Total Body Homogenate
To minimize the stress due to the sacrificing procedure, a modification of Tsukada's method (23) for killing mice was used. The mouse was put in a special cage and 30 min later the floor of the cage was suddenly removed; the mouse fell into a bottle containing a dry ice-acetone mixture.
The mouse then was removed from the bottle, cut into pieces, and homogenized roughly with an equal volume of cold distilled water in a prechilled Waring Blendor.
The homogenate was filtered through double layers of gauze and again thoroughly ground, using a glass tissue grinder of the Potter-Elvejem type. These procedures were done at 2 C. The final homogenate was subjected to the fluorimetric estimation of adrenaline of von Euler (24, 25).
Paper Chromatogra@y of Metals
The semiquantitative paper chromatographic method of Kikkawa (26) was applied for the determination of metals.
RESULTS
AND DISCUSSION
Taste Sensitivity in Various Strains of Mice Table I shows the taste thresholds of the black (o-61, C57, and C3H) and white (NA-II, SM, and aa) strains of mice. SM and aa strains showed the lowest threshold for NaCl, C3H and O-61 the highest, whereas NA-II and C57 were intermediate. Thus, two of the white strains tested were most sensitive in the taste response to NaCl.
For saccharine, the lowest threshold was shown by a white strain (aa) and the highest with a black (o-61). However, since one white strain (SM) showed a higher threshold than one black (C3H), there was no clear difference in the taste sensitivity between the black and the white strains.
The aa strain also showed the lowest threshold for acetic acid, and 0-61 the highest. With the exception of C3H, the black strains showed higher thresholds for the acid than did the white strains.
For PTC, the aa strain again showed the lowest threshold, followed bv NA-II and *SM, then by C57 and C3H, and the highest threshold was observed with O-6 I. Thus, all the white strains tested showed lower thresholds for PTC than did the black.
From these results, it is clear that taste sensitivity differs in various strains of mice. It has been reported so far that the black strains are more sensitive than the white; Yumikura (3, 4) reported that O-61 showed a higher sensitivity to PTC than NA-II.
In our studies, on the contrary, a white strain (aa) showed the lowest thresholds for all the substances tested, and a black (O-61) the highest. Except for the response to saccharine, no white strain showed higher thresholds than the black strains. So far as the strains grown in our laboratory are concerned, the white seemed more sensitive to taste stimuli than the black. However, these strains, except for aa and o-61, were not consistent in the order of sensitivity to various substances tested. This point should be investigated further, using more strains. Taste   Table 2A shows the taste thresholds for the test substances observed with NA-II and 0-61 strains after cauterization of the suprarenal body and the further administration of DOCA. Neither cauterization nor DOCA administration affected the sensitivitv to NaCl. It can be presumed, therefore, that the medulla and the cortex of the suprarenal body have no bearing on the taste response to sodium chloride.
Relationship of Adrenal Functions to Sense of
It is well known that the hormones secreted from the suprarenal body, especially by the glanules of the cortex, i.e., deoxycorticosterone and related compounds, are related to the metabolism of electrolytes (27) .
The adrenal cauterization and the further DOCA administration might have affected electrolyte metabolism and, additionally, the threshold for NaCl. In the case of the rat, it was reported by Richter (28) that the threshold for NaCl was markedly decreased after adrenalectomy. We cannot find any experimental data that explain the discrepancy between our results and those of Richter, such as differences in the function of the suprarenal gland between rats and mice, mode of compensation, and so on (29, 30) . Further investigation of this problem is necessarv. As for the threshold for saccharine, no effects of cauterization or DOCA administration were observed with either strain. The suprarenal body may have no relation to taste sensitivity to saccharine.
For acetic acid, on the other hand, both strains showed higher thresholds after cauterization. The suprarenal body seems to play some role in the tasting of acetic acid. This is quite interesting, since this gland is known to play a role in acetic acid metabolism; extirpation of the suprarenal body causes disturbances of the normal metabolism of acetic acid in liver slices or homogenate (3 I, 32) . The increase in the taste thresholds for acetic acid was reduced to some extent by the administration of DOCA. Thus, DOCA seems to have some bearing on tasting acetic acid. The disturbances of the acetic acid metabolism mentioned above can be recovered by the administration of cortisone and related compounds rather than by DOCA and related compounds (33). In the present experiments, the effect of cortisone on the taste response to acetic acid was not investigated.
The rise in the taste threshold after adrenal cauterization was reduced by the administration of DOCA, but the threshold was still higher than that of the control. Therefore, the fascicular hormones may have some bearing on taste for acetic acid. Adrenaline may not play any direct role in tasting acetic acid, because the amount of adrenaline did not show any parallelism to the taste sensitivity.
As for the taste response to PTC, both strains were unaffected by the cauterization. After DOCA administration, NA-II showed a lower threshold than the control, but in general showed no particular relation to the taste response to PTC.
It may be concluded that the suprarenal body generally plays a role in tasting acetic acid but has no relation to the taste response to other substances tested. However, since the functions of the suprarenal body are closely related to those of other organs and of endocrine glands, the relationship of the adrenal functions to the sense of taste may be quite complicated. Efect of I Is1 Administration on Sense of Taste   Table   2B shows the effect of hypofunction of the thyroid gland, caused by the administration of 1131, on taste sensitivity.
In both NA-II and O-61 strains, the taste thresholds for sodium chloride were not affected by the 1131 administration.
The thyroid gland may have no bearing on the taste response to sodium chloride.
The thresholds for saccharine and PTC were raised after the 1131 administration.
Thus, it was suggested that the functions of the thyroid gland have some bearing on tasting saccharine and PTC.
Similarly, the 1131 administration caused a rise in the taste threshold for acetic acid. It is known that the acetic acid metabolizing activity of various organs, especially of the liver and kidney, are reduced when thyroid functions are lowered (34); the relation to the reduction of taste sensitivity should be studied further.
The taste thresholds for saccharine, acetic acid, and PTC were raised in the case of thyroid hypofunction. The thyroid gland, therefore, may play some role in tasting those substances.
E#ect of Hepatic Hypofunction on Sense of Taste
Primarily, the function of the liver was gradually lowered by splenectomy. As shown in Table 2C , both strains showed higher thresholds for saccharine after splenectomy.
A similar effect was observed with acetic acid. In this case, NA-II showed a larger rise than O-6 I. For PTC, both strains showed higher thresholds than the controls, the change being larger in the case of 0-61 than in NA-II.
An acute hypofunction of the liver was caused by the administration of CClJ. The results are shown in Table  2D . For NaCl, O-6 I did not show any change in the taste threshold, but NA-II showed a slightly higher one. Both strains showed higher thresholds for saccharine. The degree of the change in thresholds was greater after CC14 administration than after splenectomy, thus, the functions of the liver may have some relation to the taste response to saccharine. Similar results were ob-I 204 HOSHISHIMA ET AL.
tained for acetic acid. The taste thresholds were raised after the CC14 administration in both strains, the degree of change being greater than that observed after splenectomy.
A relation between hepatic function and tasting acetic acid may be assumed.
The administration of CC14 reduces various functions of the liver. The activity of metabolizing fatty acids, especially acetic acid, is an example (35). Although it might be risky to assume that the change in the thresholds for acetic acid observed after CC14 treatments are related to the change in metabolism, this point should be investigated further. Both the strains showed a rise in the taste threshold for PTC after the CC14 administration.
The O-61 strain, however, showed a smaller change in threshold than that observed after splenectomy.
It is not known why the effect of splenectomy was greater only in this case. At any rate, it is clear that the threshold for PTC rises in the case of hepatic hypofunction, and it may be assumed that functions of the liver play some role in tasting PTC. In conclusion, the liver functions have some bearing on the taste response for NaCl and for PTC.
Hypofunction of the suprarenal body, thyroid gland, and liver caused a rise in the taste thresholds as follows:
